Background and aim: Data on the radiologic evaluation of perianal fistulizing Crohn's disease (PFCD) naïve to anti-tumor necrosis factor therapy are scarce, especially in Asian populations. We assessed the effectiveness of infliximab (IFX) on PFCD and explored predictors of 'deep remission' based on clinical and radiologic assessments. Methods: Patients with Crohn's disease and active anal fistulas attending our care center for IFX therapy were prospectively enrolled. Each patient underwent clinical examination according to the Fistula Drainage Assessment Index, endoscopy for assessment of Crohn's Disease Activity Index (CDAI) and Perianal Crohn's Disease Activity Index (PCDAI), magnetic resonance imaging (MRI) to determine Van Assche score and Ng score, and laboratory tests up to 2 weeks prior to the start of and up to 2 weeks after the sixth IFX therapy (Week 32). Results: Among 38 patients treated with IFX, 52.6% achieved clinical remission based on the Fistula Drainage Assessment Index and 42.1% achieved deep remission based on Ng score. Van Assche score (from 14.5 6 4.26 to 7.36 6 7.53), CDAI (from 170 6 92 to 71 6 69) and PCDAI (from 7.45 6 2.65 to 2.44 6 3.20) decreased significantly after six IFX treatments. The only predictor of deep remission was simple fistula (P ¼ 0.004, odds ratio ¼ 3.802, 95% confidence interval: 1.541-9.383). Conclusions: IFX has been shown to have appreciable effectiveness in Chinese patients with PFCD. MRI is the gold standard for evaluating PFCD, but Van Assche score has some limitations.
Introduction
Perianal fistulizing Crohn's disease (PFCD) has a serious impact on quality of life and mental health [1] . It is always indicative of a more aggressive and refractory disease phenotype [2] . A population-based study found that the incidence of perianal fistula in patients with Crohn's disease (CD) is 21-23% and that the cumulative incidences of the condition at 1, 5, 10 and 20 years are 12, 15, 21 and 26%, respectively [3] [4] [5] . Large prospective and retrospective studies have shown that two-thirds of patients with PFCD experience relapses; thus, the treatment of PFCD is challenging [6, 7] .
Medical treatments for PFCD include antibiotics, immunosuppressants (ISs) and anti-tumor necrosis factor (TNF) agents, and surgical treatments include seton, fistulotomy, fistulectomy, advancement flap, fecal diversion and proctectomy [8] [9] [10] [11] . Nearly 40% of PFCD patients underwent proctectomy before the clinical application of biologic agents [12] . Biologic agents such as infliximab (IFX) have brought new hope to PFCD patients: after continuous treatment for 1 year, one-third of patients maintain clinical remission [13] . Personalized treatments are required based on magnetic resonance imaging (MRI) findings [14] . Pelvic enhancement MRI is the first choice for evaluating PFCD and monitoring the effects of treatment [10] . When used in combination with examination under anesthesia, its specificity and sensitivity are increased [11] .
Exploring predictors of the need for different therapies is an important guide for treatment selection for PFCD. Fistula healing based on MRI evaluation is always later than that based on clinical evaluation. Therefore, in the Second European EvidenceBased Consensus on the Diagnosis and Management of Crohn's Disease [15] , it was proposed that a clinical examination should be combined with MRI as the basis of an effective clinical evaluation. Most previous studies have evaluated treatment efficacy based on clinical evaluation rather than endoscopic or radiologic findings. However, the assessment of treatment efficacy should be based on 'deep remission' (the absence of anal canal ulcers and presence of healing on MRI in association with clinical remission) or the combination of clinical assessment and objective radiologic and endoscopic evaluations. T2-weighted imaging (T2WI) and fat-suppression sequences are the gold standard for the MRI evaluation of fistulas [16] . Imaging-based scoring, although not yet widely used in clinical practice, can reflect disease activity.
In this study, we describe the clinical and radiologic courses of PFCD treated by IFX, evaluate the efficacy of IFX for the condition and explore the predictors of deep remission.
Patients and methods

Patients and protocol
Between September 2015 and May 2017, all consecutive patients diagnosed with CD and at least one draining fistula who attended our center for IFX therapy were prospectively enrolled. CD diagnosis was based on a combination of clinical, serologic, endoscopic and pathologic examinations. The diagnosis of anal fistula was based on examination under anesthesia and MRI. IFX therapy consisted of induction therapy (5 mg/kg at Weeks 0, 2 and 6) followed by maintenance therapy (5 mg/kg every 8 weeks). The exclusion criteria included age less than 18 years, pregnancy and unwillingness to undergo IFX therapy or followup at our center for more than 6 months.
The data retrieved from medical records included: age; sex; date of diagnosis; smoking history; family history of inflammatory bowel disease (IBD); disease distribution according to the Montreal classification; treatments (antibiotics, setons, immunomodulators) before IFX therapy; type of fistula; concomitant treatment; adverse events; need for surgical treatment; and early IFX withdrawal because of adverse events or lack of efficacy.
Up to 2 weeks prior to the start of IFX therapy and up to 2 weeks after the sixth IFX therapy (Week 32), each patient underwent clinical assessment of their fistulas according to the Fistula Drainage Assessment Index, MRI to determine Van Assche score, Ng score, main fistula length, endoscopy, assessment of Crohn's Disease Activity Index (CDAI) and Perianal Crohn's Disease Activity Index (PCDAI) and laboratory tests for the following parameters: white blood-cell count; neutrophil count; hemoglobin concentration (HB); hematocrit; platelet count (PLT); C-reactive protein concentration (CRP); erythrocyte sedimentation rate (ESR); and Albumin concentration (ALB). Concurrent therapies for CD, including antibiotics and ISs, were permitted. Seton placement was allowed before IFX therapy. All participants of this study provided written informed consent. The study protocol was approved by the Research Ethics Committee of Renji Hospital (School of Medicine, Shanghai Jiao Tong University, Shanghai, China).
Evaluation of effectiveness
CDAI was applied to evaluate the disease activity of CD in terms of general well-being, abdominal pain, abdominal mass, diarrhea, the need for diphenoxylate/atropine or opiates for diarrhea, hematocrit, weight and complications [17] . PCDAI was assessed on the basis of five clinical symptoms: discharge; restriction of activities; restriction of sexual activity; type of perianal disease; and degree of induration [18] . Each section was rated from 0-5 according to severity.
Clinical evaluation was performed according to the Fistula Drainage Assessment Index. The definition of 'clinical remission' was the absence of any draining fistulas and any drainage episodes self-reported by the patient in two successive evaluations under gentle finger compression. 'Clinical response' meant reducing the number of draining fistulas by half or more from baseline under gentle finger compression at the clinical evaluation. In all other circumstances, patients were considered 'non-responders' [19] . All clinical examinations were performed by the same senior physician specialized in IBD dedicated to each patient. We no longer assess the Van Assche score of the MRIs of healed fistulas according to Ng score: the Van Assche scores of these MRIs were regarded as zero.
A senior radiologist specialized in gastrointestinal radiology with more than 10 years of experience evaluated the MRIs by calculating the main fistula length and diameter, abscess volume, proctitis, Van Assche score and Ng score. The radiologist used the same standardized report for the initial and follow-up MRIs and was blinded to each patient's medical history and clinical outcome. The Van Assche score included six items, with higher scores indicating severe disease (ranging from 0-22): complexity of the fistula tracts; location relative to the sphincters; extension; hyperintensity on T2WI; presence of abscesses; and rectal wall involvement [20] . We used the predetermined MRI definitions proposed by Ng et al. [21, 22] to classify the radiologic findings (Table 1) .
The need for surgery, severe secondary effects requiring discontinuation of medical therapy and voluntary discontinuation of the treatment were considered treatment failures.
MRI parameters
MRI examinations were performed using a Philips Achieva 3.0-T scanner with a cardiac phased-array coil (Philips Medical Systems, Amsterdam, The Netherlands) and a Philips Ingenia 3-T scanner with a torso phased-array coil (Philips Medical Systems). Patients did not receive any bowel preparation. All patients underwent examination in the supine position. The MRI sequence protocol is presented in Supplementary  Table 1 . The intravenous injection was a mean dose of 15-20 ml gadolinium-diethylenetriamine penta-acetic acid (Magnevist V R ; Schering AG, Berlin, Germany) and the scan delay was 60 s. The oblique coronal plane was placed parallel to and the oblique transverse plane was placed perpendicular to the long axis of the anal canal. Patients with contraindications to MRI, such as severe claustrophobia, pacemakers or metallic implants, were excluded.
Statistical analysis
Continuous variables are presented as means and standard deviation, and categorical variables as percentages and 95% confidence intervals (CIs). Comparison of patients was conducted using the v 2 test for categorical variables and the Student's ttest for continuous variables. The j-statistic was used to assess the correlation between clinical response and radiologic indices. Predictors of deep remission were assessed using multiple logistic regression analysis. Models of logistic regression were performed. The results were considered statistically significant at a P-value of <0.05. We used SPSS 18.0 (SPSS Inc., Chicago, IL, USA) for all statistical analyses.
Results
Patient characteristics
A total of 38 patients (26.3% women) with a mean age of 28.5 6 8.2 years scheduled for IFX therapy were prospectively enrolled. Of them, 68.4% had complex fistulas and 5.3% had anorecto-vaginal fistulas. Among them, 8 patients were receiving a combination of IFX and azathioprine (AZA), whereas 30 patients were receiving IFX alone. The baseline characteristics of this study population are presented in Table 2 .
Clinical and radiologic responses
Four patients discontinued because of adverse effects or subjective reluctance, whereas 20 (52.6%) were in clinical remission, 9 (23.7%) exhibited a clinical response and 5 (13.2%) were nonresponders after six IFX therapies. CDAI and PCDAI decreased significantly from 170 6 92 and 7.45 6 2.65 at baseline to 71 6 69 and 2.44 6 3.2 after six IFX therapies, respectively (both P < 0.05). According to Ng score, 16 (42.1%) of the patients achieved deep remission, 11 (28.9%) exhibited a partial response, 4 (10.5%) remained unchanged and 3 (7.9%) deteriorated (Table 3 ). The healing rates of patients receiving IFX therapy alone and those receiving AZA þ IFX were 40% (12/30) and 50% (4/8), respectively. Van Assche score decreased significantly from 14.50 6 4.26 at baseline to 7.36 6 7.53 after six IFX therapies ( Figure 1 ). The changes in patient ratios for the six components of the Van Assche score are shown in detail in Figure 2 . The changes in serologic findings are shown in Supplementary , P < 0.05) decreased significantly between baseline and after six IFX therapies, whereas ALB (from 39.8 6 6.2 to 43.7 6 5.16 g/L, P < 0.05) and HB (from 125 6 21.8 to 134 6 23 g/L, P < 0.05) increased significantly.
Correlation between clinical and radiologic responses
Clinical examination according to the Fistula Drainage Assessment Index and MRIs were performed in each patient. Sixteen of the 20 patients (80%) who were in clinical remission exhibited healed fistula tracts on MRI and six of the nine 
Predictors of deep remission
In a univariate analysis, deep remission was significantly associated with low initial Van Assche score (12.6 6 4.3 vs 15.9 6 3.7, P ¼ 0.015), absence of proctitis (P ¼ 0.047) and simple fistula (P ¼ 0.002), but showed no relationship with sex, age, duration of disease, smoking history, surgery history, absence of abscesses, combinatorial treatment with AZA, CD disease location, main fistula length on initial MRI, main fistula diameter on initial MRI, the five components of Van Assche score except fistula type, initial CDAI, initial PCDAI or initial laboratory findings (all P > 0.05). In a multivariate analysis, deep remission was only significantly associated with simple fistula (odds ratio 3.802, 95% CI: 1.541-9.383, P ¼ 0.004).
Safety of IFX therapy
Four patients were considered to have experienced treatment failure. One patient discontinued because of pre-excitation syndrome after the first IFX therapy, one because of hepatapostema at the fourth IFX therapy, one because of pulmonary infection at the fifth IFX therapy and one postponed the sixth IFX therapy because of upper respiratory tract infection then discontinued for being reluctant to follow IFX therapy. In addition, two patients presented minor adverse effects (dermatitis) that did not require cessation of the therapy.
Discussion
Anti-TNF therapies have revolutionized the management of PFCD. Several randomized controlled trials have proven their efficacy at achieving and maintaining remission of PFCD [23, 24] . However, few studies have focused on deep remission as the therapeutic outcome of interest and, to the best of our knowledge, there are no studies involving Asian populations. In this study, we prospectively examined the clinical and radiologic evaluation of IFX therapy for PFCD: 52.6% of our patients receiving IFX therapy achieved clinical remission, whereas 42.1% exhibited deep remission.
Regarding the basic characteristics of the 38 participants of this study, the male:female ratio was 28:10, which is consistent with the epidemiology of PFCD in China, but different from that in Europe and the USA [25] . The proportion of smokers was only 5.3%, which is much lower than that in Western countries. The family history of IBD was 0%, which may be due to the low incidence and low detection rate of the condition in China 10 years ago. Other basic patient information was similar to that in research in China and abroad.
Published studies on the efficacy of IFX therapy for PFCD as evaluated by MRI are summarized in Table 4 [13, [25] [26] [27] [28] . The clinical and deep remission rates observed in this study were higher than those presented in Table 4 . The reasons are as follows.
First, not all patients in earlier studies were naïve to anti-TNF agents. Several patients had refractory PFCD that had already failed to respond to other anti-TNF agents. Despite the similar efficacy of each anti-TNF agent, the use of a second anti-TNF agent is often not as effective as that of the initial anti-TNF agent, but it is still effective in some patients [26] . Currently, of the anti-TNF drugs available for the treatment of CD, only IFX is approved in China. All patients in this study were naïve to IFX. A retrospective study of patients naïve to adalimumab therapy showed that 39% of patients achieved radiologic remission after 6 months [22]-a higher proportion than those of the five studies listed in Table 4 in which patients were not naïve to IFX.
Second, the patients studied in the papers listed in Table 4 were Europeans and Americans, whereas the patients enrolled in this study were Han Chinese. It has been shown that the expression of five genes (S100A8, S100A9, G0S2, TNFAIP6 and IL11) has an etiologic role in the IFX response pathway and predicts the response to IFX of patients with CD [29] . However, the susceptibility genes of CD differ between Chinese and Western patients. It can be inferred from the results of this study that the efficacy of IFX for PFCD is better in Chinese patients than in Western patients. Third, studies have shown that the shorter the disease duration, the higher the response rate to biologic agents [30, 31] . A retrospective study with a small sample size showed that patients with PFCD with disease durations (before the beginning of anti-TNF treatment) of less than 3, 3-6 and >6 years achieved radiographic healing rates of 50, 38 and 14%, respectively [26] . The average disease duration in this study was 1.95 6 3.01 years-well below those of the five studies presented in Table 4 .
Fourth, in this study, 68.4% of the patients had complex fistulas and 5.3% had anorecto-vaginal fistulas-well below the proportions of patients with these conditions in the studies listed in Table 4 . In combination with the fact that several patients had already failed to respond to other anti-TNF agents, the PFCD described in those papers presented in Table 4 was more refractory than that described in this study. Furthermore, the number of fistulas was a risk factor for no response to IFX therapy in patients with PFCD [13] .
IFX is safe and efficient for the treatment of PFCD. However, treatment options for PFCD are limited and biologics are expensive. Consequently, it is important to explore the predictors of treatment response. In the first study listed in Table 4 , 33% of patients achieved deep remission 2 years after receiving anti-TNF agents and the absence of rectal involvement on MRI was the only predictor of deep remission [25] . Other studies in Table 4 showed that a large number of fistulas [13] and proctitis [26, 27] are risk factors for no response to IFX. Another study showed that proctitis is a predictor of poor response and even proctectomy [32] . In addition, a single-center study showed that a history of perianal abscesses and antibiotic treatment in the course of anti-TNF therapy were predictors of poor response in PFCD [33] . Moreover, individuals with a younger age at onset, male sex, rectal lesions and non-white or Jewish ethnicities were at high risk of developing perianal lesions [8, 34] . However, our study indicated that the only predictor of deep remission was simple anal fistula.
One study showed that an aggregate length of !2.5 cm predicted disease progression, whereas a maximum single fistula length of <2.5 cm on MRI predicted treatment response; thus, the authors recommended that the measurement of fistula length should be incorporated into routine clinical practice [35] . We measured both the length and diameter of the main fistula using MRI. Unfortunately, neither the length nor the diameter of the main fistula was a risk factor in univariate or multivariate analyses.
In the current study, only 21.1% of the patients were treated with a combination of IFX and AZA in this study (lower than the proportions in the studies listed in Table 4 ): the rest were treated with IFX alone. A study demonstrated that AZA maximizes the long-term effects of antibiotics [36] . Similarly, studies on IFX in combination with thiopurines have shown that thiopurines increase the extent and duration of the response to IFX [37, 38] . The European Evidence-Based Consensus on the Diagnosis and Management of Crohn's Disease 2016 stated that combination of anti-TNF treatment with thiopurines may enhance the effects of anti-TNF agents on complex fistulizing disease [39] . However, some studies asserted that IFX alone achieves better outcomes than in combination with AZA. It was inferred from the subgroups of the ACCENT I and II trials that the use of IFX in combination with ISs does not increase its efficacy or pharmacokinetics [40] . In addition, a randomized controlled study showed that the mucosal healing of the combination of IFX and ISs was not statistically superior to IFX alone after continuous treatment for 6 months [41] . Another retrospective study showed that the improvement rates in MRI findings of IFX alone and IFX in combination with ISs at 12 months were 53 and 67%, respectively [26] . Therefore, whether the combination of IFX and AZA is superior to IFX alone is inconclusive. However, in current clinical practice in China, monotherapy is preferable. First, Chinese patients have better response to biologic agents. Second, Chinese patients have more side effects when receiving combination of IFX and AZA. Currently, Van Assche score is widely used in clinical research [20] . However, our findings suggest that this score has some limitations related to its inability to reflect new fistulas and abscesses in some circumstances [42] . For example, when a third fistula emerges when two initial fistulas are unchanged, Van Assche score remains unchanged because of the invariability of the complexity of the fistula tracks. In this case, Van Assche score no longer reflects the deterioration of the disease, and vice versa when one of the three initial fistulas heals. Also, when the original abscess lesion turns into granulation tissue, Van Assche score does not show any improvement. In order to better reflect the changes evident on imaging, a more standard, effective and uniform grading standard needs to be developed. Hence, in this study, we used Ng score to compare the changes between the initial and follow-up MRIs in each patient, which is more objective and suitable for monitoring the therapeutic effect.
In this study, the consistency of the clinical and radiologic evaluations was high. Fistula closure is often later on MRI than on clinical evaluation. When the fistula has not yet fully undergone fibrosis and closure of the external orifice, there is a risk of recurrence. Therefore, pelvic enhancement MRI is essential for the assessment of PFCD.
Our study has several limitations. We did not measure anti-IFX antibody concentration or serum trough level. The IFX dose was 5 mg/kg all the time in all patients. Patients with a poor response should receive an increased dose of IFX or switch to another biologic agent according to anti-IFX antibody concentration and serum trough level, which is not yet renewed in the guideline of China. Furthermore, higher IFX serum trough level (>9-10 lg/mL) is favorable for fistula healing [43, 44] . Nonetheless, IFX is the only anti-TNF drug approved for the treatment of CD in China. However, the association between IFX levels and outcomes is beyond the studying scope of this study.
In conclusion, IFX is safe and effective for PFCD with a high deep remission rate. The only predictor of deep remission is simple fistula. MRI is the gold standard for evaluating PFCD, but Van Assche score has some limitations. 
